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Pediatr Allergy Immunol 35 36 BACKGROUND: Early-onset atopic dermatitis (AD) is a particular phenotype that 37 may convey a risk of developing multiple sensitizations to allergens but little is known 38 about the pathway of sensitization. The aims of this study were to describe the 39 natural history of sensitization to allergens for this phenotype and to identify the most 40 predictive marker associated with the risk of developing sensitization to inhaled 41 allergens in a well-selected cohort of infants with AD. METHODS: Infants with active 42 AD were enrolled and prospectively explored for biological markers of atopy every 43
year until the age of 6 years. Allergic sensitization was defined as the presence of 44 positive specific IgEs to allergens and multiple sensitizations as being sensitized to 45 ≥2 allergens. Elevated blood eosinophilia was defined as an eosinophil blood count 46 ≥470 eosinophils/mm 3 and elevated total IgE as a serum IgE level ≥45 kU/L. 47 RESULTS: 229 infants were included. Elevated blood eosinophilia was observed at 48 baseline in 60 children (26.2%) and elevated total IgE in 85 (37.1%). When elevated 49 at baseline, eosinophilia and IgE levels remained significantly higher during the 50 follow-up period. Sensitization to food allergens decreased from 58% to 34% 51 whereas sensitization to inhaled allergens increased over time from 17% to 67%. 52
Initial multiple sensitizations to food allergens were the most predictive factor for the 53 risk of developing sensitization to inhaled allergens at 6 years (OR 3.72 [1.68-8.30 ] 54 p<0.001). CONCLUSIONS: In the early-onset AD phenotype, multiple sensitization 55
Introduction 89
Atopic dermatitis (AD), which often begins in infancy, is a chronic inflammatory 90 disorder of the skin that affects 10 to 30% of children {1}. Prevalence of sensitization 91 to inhaled allergens in the general population is between 16 to 25% [2]. It is 92 suspected that there is a link between AD and the occurrence of sensitization to 93 inhaled allergens during childhood. This could be because of percutaneous entry of 94 the allergens through an impaired skin barrier due to inflamation. Moreover, early-95 onset AD, as well as the severity of AD, has been shown to be associated with a risk 96 of sensitization to food allergens at 3 months of age [3] . Sensitization to food 97 allergens in birth cohorts, particularly elevated egg-specific IgE, has also been shown 98 to be a risk marker for sensitization to inhaled allergens later in life {4}. Furthermore, 99 sensitization to inhaled allergens can predict the occurrence of respiratory disease 100 which can start years before the first symptoms of allergic rhinitis or asthma [5] . All in 101 all, AD could be the first step leading to asthma, particularly in children with severe 102
[6] or early-onset AD [7] . However, the early-onset and severe phenotype of AD is 103 quite rare; e.g., in Flohr et al.'s study {3} conducted in 619 infants from a population 104 of breastfed infants, only 3.6% had severe AD and 5.4% were sensitized to at least 105 one food allergen. This makes it relatively difficult to explore this phenotype. We 106 therefore set out to explore a cohort of children suffering from early-onset AD from 107 the prospective longitudinal ORCA (Observatory of Respiratory risks linked with 108 Cutaneous Atopy) study to try to describe this phenotype more precisely. The 109 objectives of the present analysis were to describe the natural history of sensitization 110 in this cohort and then to identify the best marker associated with the risk of 111 developing sensitization to inhaled allergens. Uppsala, Sweden). Thresholds were used to define increased levels: 151 increased blood eosinophilia was defined as a concentration of 470 152 eosinophils/mm 3 or more and increased total IgE as a concentration of 45 kU/L 153 or more [11] . 154
Prospective data collection 155
Children were followed up on biological parameters at the age of 6 months and then 156 annually until the age of 6 years. Biological parameters assessed at each visit were: 157 specific IgE levels against inhaled and food allergens; blood eosinophilia; and total 158 IgE levels, as described above. The main result of this study is that multiple sensitizations to food allergens as 257 opposed to a single sensitization, could be a predictor of sensitization to inhaled 258 allergens in children suffering from early-onset AD. This finding leads to the 259 emergence of a particular phenotype of sensitizations in early-onset AD. A recent larger birth cohort study demonstrated a strong association between food 296 allergen sensitization, especially hen's egg, and asthma development by age 6 years 297 {19}. Our study therefore confirms that early-onset AD is often associated with 298 sensitization to food allergens and more precisely multiple food sensitizations. 299 300
Multiple food sensitizations are the most predictive biomarker of early 301 sensitization to inhaled allergens 302
These results validate our previous findings that there are multiple atopic phenotypes 303 {20}. In the same way, Lazic et al. {21} recently validated his previous study 304 suggesting that allergic phenotypes change little over time, and that one phenotype 305 with sensitization to a wide variety of allergens was much more likely to give rise to 306 asthma during childhood. This class is relatively unfrequent, comprising 307 approximately one third of the children who would be considered atopic by 308 conventional criteria. In the same manner, in a particular phenotype with early-onset 309 AD, we have shown here that sensitization to food allergens conveys a high risk of 310 sensitization to inhaled allergens rather when multiple than when unique. This finding 311 supports the hypothesis that the clinical expression of allergic diseases does not 312 merely depend on the presence of specific IgE antibodies, but rather on patterns of 313 IgE responses over time. 314
315

Strength and limitations of our study 316
The strength of the study resides in the fact that it was a longitudinal prospective 317 cohort in a highly selected population of infants with early-onset AD explored 318 annually in a standardized manner. However, one limitation could be the rather small 319 size of the cohort and the absence of a control group. However, as mentioned in the 320 introduction, we selected a rare but potentially severe phenotype i.e., early-onset AD. 321
In this context, the size of this selected population was greater than the number of 322 patients suffering from this phenotype if selected from a large birth cohort. It would 323 have been of interest to know if multiple food sensitizations could predict not only 324 sensitization to inhaled allergens but also to severe allergic diseases such as 325 persistent AD and mainly asthma. Nevertheless, inhaled sensitization has been 326 found to be a strong predictor of asthma development and airway 327 hyperresponsiveness up to school age, which is a strong risk factor for respiratory 328 allergies {22. In the same manner, Kjaer HF et al showed that children with atopic 329 dermatitis, asthma, or rhinoconjunctivitis, and sensitization at 6 yr, were sensitized to 330 food allergens to a large extent (53%, 42%, and 47%, respectively) already at 6 331 months. This relationship will constitute our future research on this cohort. 332
333
In conclusion, Our data have showed longitudinal changes in sensitization patterns 334 of children with early-onset AD and more precisely that multiple food sensitizations, 335 rather than single food sensitization, conveys a high risk of sensitization to inhaled 336 allergens at school age. It is thus important to identify this phenotype during infancy 337
to optimize patient management. 338 
356
Allergen sensitization: specific IgE ≥0.35kU/L. multiple senstizations to food allergen is defined as two or more specific allergen sensitizations. 
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